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3x1012 protons/Deb cycle = (4x1012 protons/Booster batch) x (1 batches/Acc cycle) X (3 
Acc cycles/4 Deb cycles)  
9x1011 protons/sec = [(6 Booster batches) x (4 x 1012 protons/pulse) x (0.05)]/1.33 
seconds 
5 x 1010 protons/sec = (3x1012 protons/minute)/(60 sec/min) 
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3x1012 protons/Deb cycle = (4x1012 protons/Booster batch) x (1 batches/Acc cycle) X (3 
Acc cycles/4 Deb cycles)  
1.5x1012 protons/sec = 1.58 x (9.0x1011 protons/sec cleanup + 5.0x1010 protons/sec 
abort)  
1.92KW = (1.5 x 1012 protons/sec) x (8.0 x 109 eV) x (1.60 x 10-19 J/eV) x (1 KW/1000 W) 
3.78x1019 protons/yr = (1.5x1012 protons/sec ) x  (31,556,926 sec/yr) x  0.8    
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• Straight sections: 
• Under the service buildings – had less radiation shielding. 
• Highly populated. 

• Free space in arcs between the service buildings are limited. 
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• D:AKIK 
• The abort kicker will be called D:AKIK and has three kicker modules, approximately three meters in 

length, will be located upstream of D4Q3.    
• The kicker will provide a 6.1mrad deflection upward into the field region of the abort septum 

(D:ASEP). 
• The Debuncher will have a single short 200nsec 2.5Mhz bunch, so kicker rise and fall times are not as 

restrictive as other Mu2e kickers.   
• Rise time will be 450nsec 
• Kicker will be synchronized to avoid the main bunch 
• Flat top time will be approximately 1,700 nsec to cover the entire revolution period of the Debuncher 
• Existing kicker magnets will be reused 
• Need to operate at 6Hz.  Current power supplies cannot handle that, so a new power supply, controls 

and fluorinert cooling skid will be needed. 
• D:ASEP 

• D:ASEP will be located between D4Q4B and D4Q5, and will deflect the beam upward into the 
existing AP2 line. 

• The Booster septum design will provide adequate field strength, and a special combined vacuum 
chamber will be built to maximize the physical aperture. 

• Booster style septum power supply will be required to handle 6.0Hz operation. 
• Beam lines 

• Beam line from D4Q5 to IQ29 remains the same. 
• ABV1 bends the beam 3° (52mr) downward to the dump. We can use either a wide gap B1 (like 

IBV1) or a wide gap SDE (like EB6). 
• ABV1 can be rolled ~20° or a separate horizontal bend added to bend beam toward the horizontal 

center for enclosure 
• AQ1 is a “D” quad roughly at the mid-point in the line to control beam size.  We could use IQ27. 
• AHT1 and AVT1 are horizontal and vertical trim magnets used to steer the beam in the line 
• Beam dump is about 30m downstream of ABV1 between IQ25 and IQ24 
• Diagnostics added to line to monitor the beam line (SEM, Toroid, BPMs, BLMs, thermocouples, 

etc..). 
• Existing shielding may be removed between IQ27 and IQ26. 
• Alternate abort line optics are being considered that would move the beam abort 

further upstream. 
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Steel 
332 ft3 
81.3 tons 

Graphite 
50,000 cc 
110 Kg 

Concrete 
305 ft3 
44.153 lbs 
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1.13 x108 protons/sec = (1.0x108 protons/Acc cycle) x (2 Acc cycles/Nova Cycle) x (1 
Nova cycle/1.33 sec) x 0.75 
9.72 x1012 protons/day =  (1.13 x108 protons/sec ) x (86,400 seconds/day) 
3.55 x1015 protons/year = (9.72 x1012 protons/day) x (365 days/year) 
Peak Rate: 3 * (4 x 1012 protons) / 60 seconds = 2 x 1011 protons/sec 
Average Rate: 3 * (4 x 1012 protons) * 100 * 0.75 = 9.0 x 1014 protons/day or 3.29 x 
1017 protons/year. 
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1.2x1013 protons = (3 Booster batches) x (4 x1012 protons/batch) 
2.0x1015 protons/day = [(9.72 x1012 protons/day clean-up) + (9.0 x 1014 protons/day  
permit)] x (2.2 big safety margin) 
30W = (2.0 x 1015 protons/day) x (1 day/86400 sec) x (8.0 x 109 eV) x (1.60 x 10-19 J/eV) 
3.33 x 1017 protons/year = [(3.29 x 1017 protons/year abort) + (3.55 x 1015 protons/year 
clean-up)] 
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The abort could be placed in either in A30 or A50, but not A10 due to a space conflict 
with the Accumulator extraction septa. 
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In this scenario, a kicker and septum combination would both bend the beam down to 
a beam dump located near the A50 pit. 
• Kicker 

• There is a period of vulnerability when the three injected Booster batches 
are momentum stacked, because the proton beam will be debunched. If the 
abort fires during this time, there will be beam loss from the kicker rising 
through some of the beam.  

• The kickers are expected to have a 150 nsec rise time, which will 
comfortably fit between bunched h = 4.  

• The kicker flattop will be roughly 1.6 μsec, the revolution period of the 
Accumulator.  

• The base plan is for there to be a latency of roughly 300 μsec between the 
loss of permit and removal of beam. A truly instantaneous abort would 
require the kicker and septum power supplies to charge extremely quickly, 
adding significant expense to the power supply design. 
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Steel 
44.5 ft3 
10.9 tons 

Graphite 
50,000 cc 
110 Kg 
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9x1011 protons/sec = [(6 Booster batches) x (4 x 1012 protons/pulse) x (0.05)]/1.33 
seconds 
 

25 



5 x 1010 protons/sec = (3x1012 protons/minute)/(60 sec/min) 
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Steel 
332 ft3 
81.3 tons 

Graphite 
50,000 cc 
110 Kg 

Concrete 
305 ft3 
44.153 lbs 
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"Star Density" is usually expressed in units of 1/(cm3*sec).  It is used to quantify the 
number of inelastic high-energy interactions (incident protons, pions etc above 50 
MeV) with target nuclei that occur in 1 cm3 per 1 second.   
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Worst case scenario is 22.5 Ci/yr if tunnel release point was at the dump. 
Assumes one air exchange per hour 
A overall air flow design has yet to be constructed to take into account all radiation 
sources and release points. 
Plans are being considered to slow down the air flow to allow longer decay time and 
also limiting release points. 
2010 Pbar Target was 55 Ci/yr 
Mu2e solenoid will be 60 Ci/yr 
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• With our original dump design, we ran into a possible issue with residual radiation.  
• There is a usual requirement that the residual dose not exceed 100mrem/hr at 

30cm from the activated surface after a 30 day irradiation and a 1-day cool down.    
• The original design, rates were 1R/hr. 
• Modified design to add 60cm of concrete in front, increased the length of the 

absorber, the cross sectional size of steel increased, and concrete added at the top 
• The absorber now takes up the entire tunnel enclosure. 
• Calculated rate is now 120mrem/hr. 
 

37 



• With our original dump design, we ran into a possible issue with residual radiation.  
• There is a usual requirement that the residual dose not exceed 100mrem/hr at 

30cm from the activated surface after a 30 day irradiation and a 1-day cool down.    
• The original design, rates were 1R/hr. 
• Modified design to add 60cm of concrete in front, increased the length of the 

absorber, the cross sectional size of steel increased, and concrete added at the top 
• The absorber now takes up the entire tunnel enclosure. 
• Calculated rate is now 120mrem/hr. 
 

38 



39 



40 



41 



42 



1.13 x108 protons/sec = (1.0x108 protons/Acc cycle) x (2 Acc cycles/Nova Cycle) x (1 
Nova cycle/1.33 sec) x 0.75 
9.72 x1012 protons/day =  (1.13 x108 protons/sec ) x (86,400 seconds/day) 
3.55 x1015 protons/year = (9.72 x1012 protons/day) x (365 days/year) 
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Peak Rate: 3 * (4 x 1012 protons) / 60 seconds = 2 x 1011 protons/sec 
Average Rate: 3 * (4 x 1012 protons) * 100 * 0.75 = 9.0 x 1014 protons/day or 3.29 x 
1017 protons/year. 
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Steel 
44.5 ft3 
10.9 tons 

Graphite 
50,000 cc 
110 Kg 
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